INTRODUCTION
Many Americans taking regular medications have the option of using either local pharmacies or mail order pharmacies to fill their prescriptions 1 . One report suggests that up to 1/3 of medications for chronic conditions are delivered via the mail 2 , and a 2009 report suggests that mail order pharmacies account for almost 25% of pharmacy sales in the U.S. 3 While recent data suggests that the volume of prescriptions delivered via mail has stabilized and may be decreasing 3 , others propose that the recent expansion of large retail outlets into the mail order pharmacy business means that mail order pharmacies may grow in the future 4 . The growth of mail order pharmacies to date has largely been driven by economic considerations, as some suggest that mail order pharmacy use may be costsaving to health plans and to patients 5, 6 . However, studies on whether mail order pharmacy use is actually cost-saving are mixed 7, 8 . Studies also suggest that mail order pharmacy use may associated with greater patient satisfaction with prescription drug benefits and pharmacy services 9, 10 , although preference for mail order pharmacy over community pharmacies may be associated with different patient and benefit-level characteristics 11, 12 . Despite extensive use of mail order pharmacies in the United States, there is almost no research examining the relationship between patients' mail order pharmacy use and clinical outcomes. A small number of recent studies have found a positive association between mail order pharmacy use and greater adherence to diabetes and antihypertensive medications [13] [14] [15] . In a prior analysis these authors found that compared to local pharmacy users, diabetes patients who primarily used mail order pharmacies had a 7-8 percentage point higher rate of good adherence to cardiometabolic therapies 15 . Greater adherence to these medications by mail order pharmacy users may reflect improved access to medications. Mail order does not require travel to the local pharmacy 15 , which may be of particular benefit to patients with disabilities, time constraints, or limited access to transportation 15, 16 .
Previous studies have demonstrated that mail order pharmacy use is associated with greater levels of switching to generic medications 17 ; this increased use of generic medications may reduce cost-related medication non-adherence in patients taking chronic medications. Greater adherence to cardiometabolic medications repeatedly has been shown to be associated with improved outcomes [18] [19] [20] ; improved adherence to cardiometabolic therapies for mail order pharmacy users as compared with local pharmacy users may translate into improved intermediate outcomes, including better control of LDL-cholesterol (LDL-C) among statin users 21 . However, no study to date has directly examined the relationship between mail order pharmacy use and control of intermediate outcomes such as LDL-C. The purpose of this study is to examine the comparative effectiveness of mail order pharmacy vs. local Kaiser Permanente Northern California (KPNC) pharmacy use on achieving LDL-C control in a cohort of new users of statin medications, and to examine whether the effect of mail order pharmacy use varies by patient characteristics such as gender and race/ethnicity.
METHODS

Study Design/Participants
The study population consisted of KPNC members who were new users of statin medications between January 1, 2005 and December 31, 2007. Statin use was obtained from KPNC automated pharmacy records, which capture all prescriptions dispensed to members through a KPNC pharmacy. Patients were considered to be new users if they had no recorded use of a statin in KPNC records for 24 months prior to the initial statin prescription date (i.e. the "index" date). Patients were excluded from the analysis if they were <18 years of age by January 1, 2005, and did not have an active pharmacy benefit during the 2 years prior to the index date. We also excluded patients who did not refill the new statin medication at least once, since nearly all initial fills in the KPNC system are through the "brick and mortar" pharmacy. All subjects were required to have at least one LDL-C test result in the 12 months prior and the 3-15 months post the index date of the new statin prescription. New statin dispensings were captured and included if the statin was prescribed alone or as part of a combination drug with other medications used to treat dyslipidemia (e.g. ezetimibe/simvastatin).
Mail Order and Local Pharmacy Use within the KPNC System KPNC maintains a mail order pharmacy distribution system in coordination with over 120 local "walk-in" KPNC pharmacies located within outpatient clinics and hospitals. KPNC patients have the option of filling both new and existing prescriptions either by mail or at one of the KPNC local pharmacies. KPNC members do have the option of filling prescriptions via non-KPNC local pharmacies; however, the cost of these fills would not be covered by the patient's pharmacy benefit. Mail order delivery of medications, with free shipping, can be requested either by phone or through the KP member website. Pharmacists are available via telephone to answer medication-related questions for members using either mail order or local KPNC pharmacies. There is no minimum or proscribed days' supply of pills required for mail order delivery, which typically dispenses 100-day medication supplies through both mail order and local KPNC pharmacies. Unlike some other mail order pharmacy systems, KPNC patients using the mail order pharmacy must request a prescription and provide up-front payment before the medication is delivered (i.e. no "autorefills".) Some patients have a financial incentive to use mail order in the form of a lower co-payment for the same days' supply obtained by mail versus at a local KPNC pharmacy.
For the purposes of this analysis, patients were defined as local KPNC pharmacy users if they never used the mail order pharmacy to fill the new statin prescription in the 3-15 months post-statin initiation, and as a mail-order pharmacy user if they filled the new statin prescription at least once via the mail order pharmacy system during that timeframe.
Statistical Analysis
A potential concern in using observational studies to assess the effect of mail order pharmacy use on CVD intermediate outcomes is the potential for self-selection, or omitted (unmeasured) variable bias. For example, it is possible that patients who use mail order pharmacy services are intrinsically more motivated to take care of their health than patients who do not use such services; this characteristic cannot be directly measured in electronic databases. We provide two estimates of the comparative effectiveness of mail order pharmacy use vs. local KPNC pharmacy use on LDL-C levels; first, using a difference-in-differences approach 22, 23 , and then using the econometric technique of instrumental variables 15, [24] [25] [26] [27] . A probit model was used to examine the "difference in differences" in pre and post LDL-C control levels between mail order pharmacy and local KPNC pharmacy users, adjusting for patient, clinical, and census-block characteristics [22] [23] [24] . The last LDL-C value in the 12 months immediately prior to new statin dispensing was considered the "pre" value, and the last LDL-C value measured in the 3-15 month period after the first new statin dispensing was considered the "post" value. LDL-C levels in the first three months after dispensing were not examined in order to account for the gradual therapeutic onset of the new statin medication, and to also ensure that postperiod LDL-C control was being assessed after mail order pharmacy use was initiated in the mail order group. Depending on patient risk for adverse cardiovascular outcomes, two different thresholds for LDL targets were used 28 .
Target LDL levels were set at LDL-C <100 mg/dL for patients with a "cardioequivalent" condition, including diabetes, stroke, or coronary artery disease. All other patients had an LDL-C target level of <130 mg/dL. The difference-in-differences models included dummy variables for time of LDL-C measurement (pre vs. post) and pharmacy type (mail order vs. local), as well as an interaction term between time of LDL-C measurement and pharmacy type. These analyses controlled for the effects of age, sex, race/ethnicity, presence of a cardioequivalent condition, number of comorbidities, smoking status, use of non-formulary medications, antidepressants, insurance type, whether the index medication was generic or brand name, total days' supply, medical facility, follow-up time until the "post" LDL-C test, and number of primary care visits in the year prior to start of the statin medication. These variables were chosen because of their potential relationship with medication adherence, LDL-C levels, or both. Number of primary care visits was included in the model to adjust for potential differences in utilization and self-management practices between patients who use mail order pharmacy services vs. those who do not. Further information on these variables and their definitions is available elsewhere 15 .
In the instrumental variables analysis, whether or not a patient had a financial incentive to order medications via the KPNC mail order pharmacy was used as the instrument under the assumption that having a financial incentive would affect the probability that a patient would use the mail order pharmacy (exposure), but should not directly affect whether a patient achieved LDL-C control (outcome). Analyses confirmed that having a financial incentive to use mail order was, in fact, associated with a greater likelihood of mail order pharmacy use in unadjusted and adjusted analyses (p<0.0001), but not independently or directly associated with LDL-C levels. We conducted tests for weak or irrelevant instruments and found none of these problems with our instrument 29 (see Appendix Table 3 for more details).
The endogeneity test for omitted variable bias indicated that mail order use could not be considered exogenous (p=<0.001), meaning that the instrumental variables approach using bivariate probit analysis may provide a lessbiased estimate of the effect of mail order pharmacy use on LDL-C control. Results from the difference-in-differences and IV analyses were very similar, and both are presented below. To facilitate interpretability of the results, adjusted regression results were converted to predicted percentages of patients reaching LDL-C target levels for both mail order pharmacy users and local KPNC pharmacy users overall and by key patient characteristics, holding all other covariates at their mean value. All analyses were performed using Stata Version 10.1. The study protocol was approved by the KPNC Institutional Review Board.
RESULTS
A total of 100,298 new users of statin medications met study eligibility criteria. Of these, 29,279 (29.2%) used the mail order pharmacy at least once to refill their new statin medication during the study period (Table 1) . Mail order pharmacy users were more likely to be white and to live in census tracts with higher socioeconomic status (p < 0.001). Patients live, on average, less than 10 miles from the nearest KPNC local mailin pharmacy regardless of whether they used mail order pharmacy services to deliver their medications. Mail order pharmacy users and local KPNC pharmacy users had identical LDL-C levels within both the 12-month period (130 mg/dL for both groups) and within the six-month period (147 mg/dL for both groups) prior to their start of a new statin medication. As demonstrated in previous studies [13] [14] [15] , adherence of >=80% to the index statin medication, measured using the Continuous Medication Gaps (CMG) method [30] [31] [32] , in the 15 months poststatin initiation was higher in the mail order pharmacy group (87.8% vs. 72.9%, p<0.001). Table 2 shows the results of both the difference-in-differences and instrumental variables multivariate models. In both models, mail order pharmacy use was positively and significantly associated with achieving LDL-C control in the 3-15 month period following the initiation of a new statin. Figure 1 uses the results of the instrumental variables bivariate probit model to show the adjusted percents of patients considered in control of their LDL-C values based on their latest LDL-C lab value in the 3-15 months after initiation of the new statin medication. After adjustment for patient demographics, clinical characteristics, and census-block characteristics, 85.0% of patients who used the mail order pharmacy to deliver their statin medication at any time in the 3-15 month window achieved target LDL-C levels compared with 74.2% of patients who only used the local KPNC pharmacy to dispense the statin (p<0.001). The higher adjusted rates of LDL-C control in the mail order pharmacy vs. local KPNC pharmacy users were seen in both men and women, as well as in both white and non-white patients (p<0.01). AfricanAmerican and Latino patients who used the mail order pharmacy also had higher adjusted LDL-C control rates compared to those who used the local KPNC pharmacy; however, these differences were not significant.
We performed a sensitivity analysis using only the patients with no financial incentive to use mail order. This was to address the issue of whether the financial incentive to use mail order, and the resulting potential out-of-pocket prescription drug cost difference between the mail order pharmacy and local KPNC pharmacy groups, might result in differential LDL-C outcomes. The results showed similar, statistically significant differences between LDL-C outcomes in mail order vs. local KPNC pharmacy users (data not shown).
DISCUSSION
This analysis is the first to examine the relationship between mail order pharmacy use and control of LDL cholesterol. This study found that despite equivalent LDL-C values at baseline, new statin users who primarily refilled by mail were more likely to be in control of their LDL-C levels within 3-15 months after medication initiation than patients who used local "brick-andmortar" KPNC pharmacies. This positive association was consistent across patient gender and race/ethnicity. Consistent with previous studies, this study also found that use of mail order pharmacy was associated with better adherence to cardiometabolic medications [13] [14] [15] . Mail order pharmacy use may streamline the process of refilling medications, and improve access to medications by eliminating the need for travel to the pharmacy 15 . This improved access may be of particular importance to patients with inadequate transportation, disabilities, or time constraints 15, 16 . Recent research suggests that mail order use may also improve medication adherence by promoting the use of less-expensive generic medications 17 and reducing refill complexity 33 . As demonstrated previously 21 , this study suggests that this improved adherence may lead to the improved LDL-C outcomes among mail order pharmacy users seen in this analysis. While the findings of the present study should be confirmed in a randomized controlled trial, they provide new evidence indicating that mail order pharmacy use may be associated with improved care and outcomes for patients with risk factors for CVD, and underscore the potential benefit of home delivery of medications directly to patients 16 . Mail order pharmacy services, which are provided at the health care delivery system level, rather than the physician or practice level, can be considered a structural or system-level intervention for improving access to chronic illness medications by making medications available to patients without the need to travel to a "brick-and-mortar" pharmacy 15 . Studies suggest system-level barriers to medication acquisition are usually not addressed when new medications are prescribed to patients 34, 35 . System-level efforts to promote mail order use in patients that Difference between mail order and local pharmacy use is statistically significant (p-value<0.001) 1 Comorbidities counted are atrial fibrillation, osteoarthritis, depression, congestive heart failure, chronic obstructive pulmonary disease (COPD), renal failure/insufficiency, and smoking 2 Dichotomous variable that equals one if patient has diabetes mellitus, coronary artery disease (CAD), or stroke; equals zero otherwise may benefit from its use, while preserving patient choice in what type of pharmacy services they prefer to use, have the potential to address medication access and adherence issues for new users of statin medications, and could lead to improved outcomes. This study found a similar positive association between mail order pharmacy use and LDL-C control in men and women, and in both minority and white patients, suggesting that such efforts to encourage mail order pharmacy use would provide benefits to patients regardless of gender and race/ethnicity. Since earlier studies of mail order pharmacy services suggest they are cost- Figure 1 . Adjusted percents of patients in LDL-C control 3-15 months after first statin fill.
saving to patients 3, 4 and may be also cost-saving for health care delivery systems 3 , increasing the proportion of prescriptions refilled by mail has the potential to be a cost-effective intervention for improving CVD risk factor control among diverse groups of patients at high risk for adverse outcomes.
Interventions to encourage the use of, and improve access to, mail order pharmacy use would need to be designed and targeted in a way that does not produce unintended consequences for patients. While the current study adds to the evidence suggesting that patients might benefit from increased mail order pharmacy use, the impact of mail delivery of medications on patient safety has not been studied. While KPNC's mail order pharmacy system provides telephone access to pharmacists, it is possible that providing medications through the mail reduces important face-to-face interactions with pharmacists and primary care providers; these interactions may help prevent multiple drug interactions and facilitate appropriate preventive care such as laboratory monitoring for patients on certain drug therapies 36 . Some patients may also be hesitant to use the mail order pharmacy because of unsecured mailboxes or other security reasons. Future research should address the important issue of how to appropriately target mail order pharmacy services without compromising care for patients that can benefit from the interactions that come along with in-person medication acquisition and consultation.
This study has several limitations that should be noted. First, observational studies such as this one cannot entirely control for differences between patients who utilize mail order pharmacy services and those that do not. While we utilized both differencein-differences and instrumental variable analyses to minimize such biases, and both analyses showed a positive significant association between mail order pharmacy use and LDL-C control, it is possible that we were unable to completely control for these differences.
It is important to note that this study took place in an integrated delivery system where patients access their prescription medications differently than in many other settings. Patient experience with "brick and mortar" pharmacy for filling medications is primarily limited to the KPNC local pharmacy, and unlike in many settings KPNC's mail order pharmacy and local pharmacies do not differ in the standard amount of pills prescribed 15 . In addition, KPNC provides relatively easy access to mail order pharmacy services, without requiring physician sign-ups or changes in days' supply 15 . It is therefore possible that the use of mail order pharmacy services in KPNC has a different impact on intermediate outcomes than in other settings. Finally, this study examined only the effects of new statin use on LDL-C outcomes, and did not examine the effects of mail order pharmacy use on outcomes for other CVD risk factors or for outcomes associated with chronic diseases such as asthma or depression. Future work should continue to explore the relationship between mail order pharmacy use and patient outcomes across other quality indicators.
CONCLUSION
Mail order pharmacy use is associated with improved LDL-C control in new statin users. System-level interventions to improve the rates of mail order pharmacy use may be an important strategy for improving processes and outcomes of care for patients with chronic illness, and potentially for addressing disparities in these outcomes among minority patients. This approach should be evaluated in randomized controlled trials testing the effectiveness of different methods of encouraging mail order use among patients on both increasing mail order pharmacy use and improving patient outcomes.
